Background: Perioperative inflammation is associated with poor oncologic outcomes. Regional analgesia has been shown mitigate some of these inflammatory changes and be associated with better oncologic outcomes in patients with hepatic malignancies. The mechanism for this effect, however, remains unclear. The authors sought to compare systemic biomarker concentrations in a comprehensive and oncologically relevant panel in the perioperative setting between patients undergoing thoracic epidural analgesia (TEA) and intra-venous patient-controlled analgesia (IV-PCA) for resection of hepatic metastatic disease.
INTRODUCTION
Hepatic resection for metastatic disease has improved oncologic outcomes in various solid organ malignancies [1] . Despite advances in technique [2] and appropriate oncologic resections [3] for these patients, perioperative inflammatory stimuli [4] and management strategies such as volatile anesthetic agents [5] and opioid analgesia [6] have been implicated in poor oncologic outcomes [7] [8] [9] . These factors are associated with suppression of cell mediated immunity, shift from Th1 to Th2 signaling, augmented tumor growth, and pro-metastatic systemic signaling [10] . In some cancers, use of regional analgesia in surgical oncology procedures has been associated with increased disease-free survival (DFS) and overall survival (OS) compared to traditional post-operative opioid-based analgesia [7, 9, 11, 12] . The mechanism for these improved oncologic outcomes, however, remains unclear.
Current literature evaluating the impact of epidural analgesia on lymphocyte function [13] [14] [15] , Th1 vs. Th2 balance [16] , and systemic markers of inflammation [17] [18] [19] [20] has yielded mixed results. Furthermore, oncological relevant biomarkers to measure the impact of regional anesthesia on the response to surgery have not been established. Herein, we evaluated the longitudinal postoperative impact of thoracic epidural analgesia (TEA) on a comprehensive systemic biomarker panel from patients undergoing elective hepatic resection for metastatic disease as part of a randomized controlled trial comparing TEA and intravenous patient controlled analgesia (IV-PCA). In addition to established perioperative biomarkers, a novel set of oncological relevant systemic markers involved in Th1 immune response (CXCL10) [21] ; tumor associated macrophages (CXCL12) [22] ; tumor suppression (Omentin-1) [23] ; pro-metastatic signaling (Galectin-3) [24] ; and tumor associated inflammation (Pentraxin-3) [25] were evaluated. Our hypothesis was that TEA would dampen the inflammatory response, preserve Th1 biomarkers, and decrease pro-metastatic signaling in the postoperative period in comparison to IV-PCA. Table 1 demonstrates that clinicopathologic variables were overall similar between patients in the TEA (n = 45) and IV-PCA (n = 16) groups. Metastatic pathology was also similar between groups and consisted predominantly of colorectal liver metastasis (75 vs. 93%, p = 0.070). Additional metastatic disease pathology included neuroendocrine tumor (n = 2), sarcoma (n = 1), adrenocortical carcinoma (n = 1), ovarian carcinoma (n = 1), medullar thyroid cancer (n = 1), and breast cancer (n = 1) distributed between the two groups. During the hospitalization, the IV-PCA group had an increased opioid consumption compared to the TEA group (386. Preoperative concentrations of biomarkers are shown in Table 2 . IL-6 (35.2 vs. 10.1, p = 0.048) was noted to be higher in the IV-PCA group, while the remainder of the biomarkers were similar between the two groups prior to surgery. Of note, poor signal quality outside of the standard's concentration range was noted in IL-1b, IL-2, IL-4, IL-5, IL-7, IL-10, IL-13, IL-17, VEGF, GM-CSF, and G-CSF before surgery and throughout the experiment in most patients.
RESULTS
Considering the concentrations of biomarkers throughout the study, statistically significant differences between groups were noted in TGFb1/2/3 and IL12p70 as demonstrated in Figure 1 . Compared to the IV-PCA group, the TEA group had significantly lower TGFb3 levels on POD1 (243.2 vs. 86.0 pg/ mL, p = 0.005), POD3 (132.2 vs. 77.8 pg/mL, p = 0.028), POD5 (306.5 vs. 92.2 pg/mL, p = 0.032). On POD3, TGFb1 (6558.0 vs. 2063.3 pg/mL, p = 0.004) and TGFb2 (468.3 vs. 368.9 pg/mL, p = 0.036) were also significantly lower in TEA group. The POD1 IL-12p70 was significantly higher in TEA patients (8.3 vs. 1.6 pg/mL, p = 0.024).
In order to evaluate significant variation from preoperative values and fold change in all detectable biomarkers, we compared the concentrations of the biomarkers on POD1, POD3, and POD5 to preoperative values in all patients as seen in Table 3 . Of note MIP1b, INFγ, TNFα, IL-17, IL-12p70, CXCL12, Omentin1, sLeptinR, Vaspin, Galactin3, FGF23, PON1, FGF21, TGFb1, TGFb2, and TGFb3 did not vary significantly from preoperative concentrations. The peak fold changes for most biomarkers occurred on POD1, with the largest median fold changes noted in IL-6 (14 folds) and Pentraxin-3 (12 folds). CXCL10 values decreased below baseline (0.48 folds) on POD1. Most biomarker values began to trend back to baseline by POD3.
Of those biomarkers which varied significantly from baseline, Figure 2 illustrates that the TEA patients on POD1 had relatively lower mean fold changes from baseline compared to IV-PCA patients in IL-6 (13.5 vs. 19.1), MCP-1 (1.9 vs 3.0), IL-8 (2.4 vs 3.0), and Pentraxin-3 (10.8vs15.6) as well as similar increases Resistin, TGFb1, TGFb2, and TGFb3), as well as novel perioperative markers (CXCL12, CXCL10, Omentin-1, sLeptin R, Vaspin, Pentraxin-3, Galactin-3, FGF-23, PON-1, FGF-21) were measured preoperatively, and on postoperative day (POD)1, POD3, and POD5 using multiplex bead assays. Clinicopathologic variables and perioperative variations in these biomarkers were compared between TEA vs IV-PCA groups.
in Resistin (2.4 vs. 2.4) and decrease in CXCL10 (0.47 vs. 0.53). Though most biomarkers trended back to baseline with similar fold changes in both groups on POD3 and POD5, the TEA group maintained IL-6, IL-8, MCP-1, and Pentraxin-3 levels that were significantly above baseline at these time points.
DISCUSSION
In this comprehensive and longitudinal systemic biomarker analysis of patients undergoing elective hepatic resection for metastatic disease in a randomized controlled trial comparing TEA to IV-PCA, we demonstrated that patients with epidural analgesia had a favorable postoperative biomarker profile for oncologic surgery with reduction in TGFb concentrations, dampened response to surgery in fold changes of IL-6, IL-8, MCP-1 and Pentraxin-3, as well as increased values of IL-12p70. The remaining novel markers including CXCL12, Omentin-1, and Galectin-3 did not vary significantly from baseline and were not significantly different between the epidural and IV-PCA groups in the postoperative period.
The increase in Pentraxin3 is a novel finding in the elective perioperative setting, and to the authors knowledge, this is the first study to demonstrate an impact from regional analgesia in the postoperative fold change of this biomarker. Pentraxin3 is an important prognostic marker in sepsis [26] as well as colorectal cancer [25] , and it is involved in the propagation of inflammation, tissue remodeling, angiogenesis, and tumor related inflammation [27] . Interestingly, Pentraxin3 demonstrated significant elevations relative to preoperative values in the postoperative period with large fold changes similar to IL6. IL6, IL8, and MCP1, followed the previously demonstrated postoperative kinetics with peak values on POD1 [28] [29] [30] [31] . Beyond the immune response to injury, these are pluripotent biomarkers and also have significant oncologic impact as each has been associated with tumor burden in clinical studies [25, 32, 33, 65] as well as mechanisms involved in tumor progression in preclinical experiments [34] [35] [36] .
While some studies have demonstrated that epidural analgesia is associated with lower postoperative levels of these biomarkers in various surgical procedures [18] [19] [20] [37] [38] [39] [40] [41] [42] , our data and supporting literature suggests that the overall concentrations of these proinflammatory markers were not different between TEA and IV-PCA patients [17, 28, 43] . These mixed results are likely associated with the large variations in inflammatory marker measurements prior to surgery and potential individual patient response to any intervention or stimuli. Interestingly, when considering the variations from baseline and fold change in these biomarkers, epidural analgesia was associated with an initial dampened proinflammatory response in IL6, IL8, MCP1, and Pentraxin3 on POD1, but also persistent elevation of these biomarkers above baseline on POD3 and POD5. This finding is unlikely due to postoperative inflammatory events given the similar complication rate, but rather this is in keeping with clinical findings suggesting that epidural analgesia is associated with early benefits of patient experience and pain control, but it may not decrease hospital length of stay and in some cases may slow patient recovery [44] .
In concert with the inflammatory reaction to surgical trauma, TGFb is among the immunosuppressive signals produced early in the postoperative period to regulate inflammation [45] . In the setting of resection of metastatic disease, this surge in TGFb likely has both pro-and anti-oncogenic properties in various tissues in that it can induce apoptosis in cancer cells in early metastatic niches, but can also suppress macrophage phagocytic function [46] , promote epithelial mesenchymal transition [47] , stimulate angiogenesis and stromal proliferation in more established metastatic disease [19, [47] [48] [49] [50] . Within the TGFb super family, TGFb1, TGFb2, and TGFb3 play roles in these oncogenic processes and elevated systemic TGFb levels have been found to be correlate to poor prognosis factor in colorectal cancer [51] [52] [53] . Though TGFb levels overall did not vary significantly from baseline in this study, TGFb1 demonstrated a median fold change >2 in the postoperative period and the levels were significantly lower in the TEA group. These findings are consistent with a similar randomized control trial, in which patients with epidural analgesia undergoing elective colon cancer resections had significantly lower TGFb1 levels early in the postoperative period [19] . Interestingly, the postoperative TGFb2 and TGFb3 levels remained relatively close to preoperative values, however, unique to this study we have demonstrated that the levels of TGFb3 remained significantly lower in the TEA group through POD5 suggesting that overall the TEA group had lower systemic levels of immunosuppressive signaling in these patients.
The response to surgical insult also includes suppression of cell mediated immunity. The early postoperative period is characterized by a reduction in number and function of natural killer cells and cytotoxic T-cells [54] , as well as a shift in Th1/Th2 signaling with suppression of Th1 cytokines [55] . Surrogate systemic markers for this process include IL12p70 [56] [57] [58] and CXCL10 [21] . Herein we found the expected suppression of CXCL10 in all patients and IL12p70 in the IV-PCA patients with preservation of IL12p70 systemic values on POD1 in TEA patients. The available literature suggests that compared to opioid based pain management, epidural analgesia does not maintain baseline IL12 levels [16, 18] . These studies, however, evaluated systemic IL12 levels including both the active heterodimer IL12p70 component involved in Th1 signaling and the less active IL12 subunits including IL12p40 and IL12p35. Hence we believe our specific analysis of IL12p70 is suggestive of preservation of Th1 signaling, and this is in keeping with data from other pre-clinical experiments [14] and randomized controlled trial demonstrating the preservation of cell mediated immunity with epidural analgesia [46, 47, 59, 60] .
There are several limitations to this study. This is a subset analysis from a randomized controlled trial which included a smaller number of patients in the IV-PCA group compared to epidural group. This was in part due to the 2.5:1 randomization favoring epidural patients, but also limited by patients with available blood samples and further limited in the selection of patients with similar pathology and successful oncologic resection. This selection was prompted in order to have similar biomarker baselines values between patients with metastatic disease and comparable responses to inflammatory stimuli given the impact of tumor load on immune function [61] . The resulting subset analysis compared two groups with similar preoperative and postoperative factors associated with the inflammatory response, as demonstrated in Table 1 , allowing for distinct evaluation of the effect of TEA vs. IV-PCA on the studied biomarkers in the postoperative period. Further analysis to consider the impact of alternative sources of inflammatory * indicates significant differences between TEA and IVPCA patients (p < 0.05).
stimuli on comprehensive biomarker panels, such as the Charlson's comorbidity index or postoperative infectious complications, should be considered, but are beyond the scope of this study [62] . In addition, previously published data from the original RCT (https://clinicaltrials. gov/ NCT01438476) demonstrated no differences in postoperative complications between patients allocated to the TEA or IV-PCA group. Due to limited understanding of threshold values for pathologic significance of the studied biomarkers a sample size analysis based on meaningful change in these biomarkers could not be performed prior to this investigation [30] . The number of patients included in this analysis, however, is similar to other prospective trials investigating the impacts of regional analgesia on biomarker panels [17] [18] [19] 41] . Additional limitations include the poor signal quality noted in 11 of the 32 biomarkers. These assay deficits were unexpected given the well-established biomarker platform utilized in this study, particularly for biomarkers with known impacts from epidural analgesia in the perioperative setting such as VEGF [19] and IL10 [28] . Measurable time points may have been missed the temporal profile of some biomarkers given known early (<24 hours) postoperative peaks, and future biomarker studies should consider evaluation of biomarkers on the evening of surgery. Of note, the remaining traditional biomarkers (IL6, IL8, and MCP1) demonstrated reliable results with appropriate signal quality and predictable postoperative temporal variation based on literature review. Further, the comprehensive biomarker panel yielded novel impacts of epidural analgesia on biomarkers Pentraxin-3, IL12p70, and TGFb which support existing literature demonstrating that epidural analgesia may preserve postoperative oncological relevant immune function. Future studies to correlate these markers to other known markers of physiologic recovery from surgery are underway and will aid in further understanding of the mechanisms associated with regional analgesia.
MATERIALS AND METHODS

Patient selection
The patients in this study were part of the randomized controlled trial (RCT) conducted at University of Texas MD Anderson Cancer Center (https://clinicaltrials.gov/ NCT01438476) evaluating outcomes in patients undergoing liver resection with TEA vs. IV-PCA [63] . From the original trial database, patients were selected for this correlative study if they consented for additional blood draws and completed perioperative blood sample collection. In order to compare relative changes at each time point for individual perioperative biomarker levels, this subset analysis further selected patients with metastatic disease undergoing complete (R1 or R0) oncologic resection.
Epidural and patient controlled analgesia regimens
Perioperative analgesia regimens for the TEA and IV-PCA groups have been previously described [63] . In brief, patients in the TEA group underwent preoperative epidural placement between the 5th and 10th thoracic intervertebral space and after a test dose, received epidural hydromorphone and lidocaine prior to incision, and then received continuous epidural infusion of bupivacaine and hydromorphone. This continued until the patient was tolerating a regular diet and could be transitioned to oral pain medications. Patients in the IV-PCA group underwent intra-operative and postoperative intravenous (IV) hydromorphone based analgesia. Additional non-opioid pain medications could be administered by the patient's primary team or acute pain service.
Clinicopathologic variables and postoperative recovery variables
Patient data including age, gender, American Society of Anesthesiologist physical status classification system (ASA) score, body mass index (BMI), receipt of preoperative chemotherapy within 90 days of surgery, portal vein embolization, extent of hepatectomy, surgical incision, operative time, estimated blood loss (EBL), perioperative transfusion, post-operative complication, histology of metastatic disease, opioid consumption (measured in morphine mg equivalents) and quality of pain control were collected. Major hepatectomy was defined by resection of 3 or more Couinaud segments [64] . Pain scores were recorded throughout the postoperative time period by numeric/visual pain scale (0-10), and inadequately controlled pain in the early post-operative period was defined as a pain score of 7 or greater reported in the first 48 hours.
Biomarkers
Patients who agreed to blood draws underwent collection of venous blood at the preoperative visit (T0) within 2 weeks before surgery, as well as collection of venous blood on the mornings of postoperative day (POD) 1, POD 3, and POD5. Plasma samples were prepared and levels (pg/mL) were assessed using multiplex bead assay (Bio-Rad Laboratories, Hercules, CA, USA and EMD, Bioscience Research Reagents, Temecula, CA, USA) as previously described [65] were selected by literature review for analysis given known variation with inflammatory stimuli and oncologic relevance in signaling pathways. The biomarkers sLeptin R, Vaspin, FGF-21, FGF-23, and PON-1 were included as portions of the multiplex bead assay. Acceptable signal quality to calculate the values (pg/mL) for these biomarkers was determined only by the values within the standards concentration range for each assay. To confirm reliability, all biomarker values were performed in duplicate on the established assay by a single research team member and all patient's time point samples were arranged on to a single plate.
Statistical analysis
Demographic, intraoperative, and postoperative data were analyzed and summarized using medians (interquartile ranges [IQRs]) or means (standard deviations or 95% confidence intervals) to account for outliers and non-normality in our description of study variables. Chisquared test was used for categorical clinicopathologic variables, and Wilcoxon rank-sum tests were used for continuous clinicopathologic variables as well as to compare time point values of biomarkers between groups. Given that the oncological relevant value or "biologic effect size" of the studied biomarkers in the perioperative setting has not been established per systemic concentration or relative fold change to baseline with respect to the impact of analgesic modalities, the postoperative biomarker values were compared in traditional fashion according to systemic concentration [pg/mL] between groups at each time point as well as by considerations of individual patient fold change at each time point relative to preoperative baseline [66] [67] [68] . A p value < 0.05 was considered statistically significant. Data were analyzed using SPSS software (version 23).
CONCLUSIONS
In this subset analysis of a randomized controlled trial comparing TEA vs. IV-PCA, circulating biomarker concentrations in patients undergoing TEA demonstrated a dampened early pro-inflammatory response to surgery as well as maintenance of markers of cell mediated immunity, while also demonstrating persistently lower levels of immunosuppressive signaling throughout the postoperative period in patients with epidural analgesia. These results add to a growing body of literature to support further investigation of systemic biomarkers with oncologic mechanisms and known variation with inflammatory stimuli to further understand how perioperative inflammation impacts oncologic outcomes. Novel to this study, Pentraxin3 demonstrated significant variation with both surgical stress and anesthetic technique and could be considered for future investigations aimed at evaluating techniques to dampen perioperative inflammation.
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